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Vernonia colorata is used throughout Africa to treat various ailments. Its antiplasmodial activity has been widely reported. Using bioassay-
guided fractionation, we isolated two antiplasmodial compounds — vernolide (IC50=1.87 μg/ml) and vernodalin (IC50=0.52 μg/ml) with
selective indices of 1.02 and 2.79 for vernolide and vernodalin respectively. These compounds are non-specific towards parasites.
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Malaria still remains one of the killer diseases plaguing Africa
and other developing countries. The development and spread of
drug resistant strains of the causative agent Plasmodium
falciparum has limited the effectiveness of the currently used
malarial drugs. This creates the need for new antimalarial drugs.
Plants have over the years proved to be a good source of
chemotherapeutic agents.
Vernonia colorata (Willd.) Drake (Asteraceae) is a shrub that
grows to a height of 3–4 m. It is widespread in West, Central and
South tropical Africa, where it is extensively used in traditional
medicine. It is used for the treatment of cough, fever, hepatitis,
gastritis, stomach pain, gastrointestinal disorders, venereal
diseases and skin eruptions (Cioffi et al., 2004).
Various biological activities have been reported forV. colorata.
They include anti-inflammatory (Cioffi et al., 2004), antibacterial
(Kelmanson et al., 2000; Rabe et al., 2002), antidiabetic (Sy et al.,
2005) and antiplasmodial (Kraft et al., 2003; Ménan et al., 2006;
Kaou et al., 2008) activities.⁎ Corresponding author.
E-mail address: rcpgd@ukzn.ac.za (J. Van Staden).
0254-6299/$ - see front matter © 2008 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2008.10.001Bioassay-guided fractionation has led to the isolation of
bioactive compounds from V. colorata. These include anti-
bacterial sesquiterpene lactones (Reid et al., 2001; Rabe et al.,
2002) and anti-inflammatory glycosides (Cioffi et al., 2004).
In continuing with our search for effective and safe
antimalarial agents, we embarked on isolating the antiplasmodial
compounds from V. colorata using activity-guided fractionation.
In our preliminary screening, the crude extract exhibited only
10.9% parasite survival at the lowest concentration (2.5 μg/ml)
tested.
2. Materials and methods
2.1. Plant material
Leaves (1.8 kg fresh weight) of V. colorata (Willd.) Drake
were collected inMarch, 2007 from the Botanical Garden of the
University of KwaZulu-Natal, Pietermaritzburg, South Africa.
After identification by the Curator, a voucher specimen (Chu-
kwujekwu 02) was deposited in the Herbarium of University of
KwaZulu-Natal, Pietermaritzburg. Plant material was dried at
30 °C overnight, powdered and stored in paper containers at
ambient temperature prior to extraction.ts reserved.
Table 2
In vitro antiplasmodial and cytotoxic activity of isolated compounds
Isolated compounds D10: IC50 (µg/ml) CHO:IC50 (µg/ml) SI
Vernolide 1.87 1.83 1.02
Vernodalin 0.52 1.45 2.79
CQ 7.64 ng/ml
Emetine 0.078
Selective index (SI)= IC50 CHO/IC50 D10.
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The oven-dried leaves (218 g) were extracted with 1 L acetone
with sonication for 1 h and then left overnight to extract. The
extract was filtered through a Buchner funnel usingWhatman no.
1 filter paper. The extraction and filtration was subsequently
repeated four times with 1 L acetone, and the combined solvent
evaporated under reduced pressure at 30 °C. Vacuum Liquid
Chromatography (VLC) (Silica gel Merck 9385, 200 g,
6 cm×30 cm) of the acetone extract (21 g), using hexane:ethyl
acetate (1:0–0:1) and ethyl acetate:methanol (1:0–0:1) step
gradients, yielded 32 fractions. These were pooled by TLC profile
into 12 major sub-fractions (Sfr.1–Sfr.12) and subsequently
submitted for pharmacological experiments to determine their
antiplasmodial activity. Sub-fractions 10 (7.1 g) and 11 (6.2 g)
eluted with hexane:ethyl acetate (1:1) and 100% ethyl acetate
respectively, were themost active (Table 1). Further purification of
Sfrs. 10 and 11 (combined together) by gravity column
chromatography (Merck 9385, 130 g, 2.5 cm×73 cm) using the
same solvent step gradients, produced 248 fractions, which were
later classified into 11 sub-fractions (Sfr.10A–Sfr.10K) after TLC
analysis. After antiplasmodial testing of the 11 sub fractions,
Sfr.10H (488 mg) was found the most active (activity of 10.02%
parasite survival at the lowest concentration— 1.25μg/ml tested).
Subsequent purification of Sfr.10H by preparative TLC (Merck
glass plates, 20×20 cm, silica gel F254, 0.25 cm thickness), using
hexane:ethyl acetate (1:3) as the solvent system, afforded an
amorphous white compound (119 mg; Rf=0.75) and a more polar
oily yellowish compound (214 mg; Rf=0.68). These compounds
were again tested for antiplasmodial activity, and the results are
summarized in Table 2.
2.3. Identification of vernolide (1) and vernodalin (2)
NMR spectra were recorded on a Bruker Avance III 400 NMR
spectrometer operating at 400.22 MHz for 1H and 100.65 MHz
for 13C. ESI–MS was performed on a Waters LCT Premier massTable 1
In vitro antiplasmodial activity of VLC fractions ofV. colorata againstP. falciparum
(CQS) D10 strain
Sample Parasite survival (%) at three different concentrations
of test samples (µg/ml)
5 2.5 1.25
1 91.72% 83.64% 79.28%
2 97.53% 95.24% 89.43%
3 98.88% 92.34% 92.23%
4 96.52% 100.34% 90.86%
5 82.33% 77.22% 77.50%
6 86.92% 83.28% 74.58%
7 79.72% 81.13% 74.24%
8 76.98% 84.00% 80.23%
9 69.77% 90.89% 87.73%
10 0.00% 9.65% 12.99%
11 0.47% 8.59% 19.29%
12 72.93% 85.17% 90.91%
CQ (n=4) 30 ng/ml 15 ng/ml 7.5 ng/ml
21.38% 68.89% 75.95%spectrometer. The less polar compound isolated as white amor-
phous material was identified as vernolide (1) (Toubiana and
Gaudemer, 1967). The 1H and 13C NMR spectral data obtained
for a CDCl3 solution of 1 were in close agreement to that reported
for the same compound byRabe et al. (2002). It hadHR–ESI–MS
(positive mode): m/z=363.1441 [M+H]+ (calcd. for C19H23O7:
363.1444). The more polar, yellowish oily compound was
identified as vernodalin (2) (Kupchan et al., 1969). NMR: δH
(CDCl3+CD3OD) 6.54 (1H, s, H-15), 6.13 (1H, br. s, H-4′), 6.01
(1H, d, J 3.0 Hz, H-13), 5.82 (1H, br. s, H-4′), 5.79 (1H, s,
H-15), 5.59 (1H, dd, J 17.5 and 11.1 Hz, H-1), 5.51 (1H, d,
J 3.0 Hz, H-13), 5.13 (1H, d, J 11.1, H-2cis), 5.12 (1H, d,
J 17.5 Hz, H-2trans), 5.04 (1H, td, J 10.5 and 4.8 Hz, H-8), 4.43
(1H, d, J 12.9 Hz, H-14), 4.14 (2H, s, H-3′), 4.12 (1H, d,
J 12.9 Hz, H-14), 4.01 (1H, t, J 11.5 Hz, H-6), 2.93 (1H, d,
J 11.1 Hz, H-5), 2.89 (1H, tt, J 11.0 and 3.0 Hz, H-7), 2.05 (1H,
dd, J 14.2 and 4.6Hz, H-9), 1.54 (1H, dd, J 14.2 and 10.3Hz, H-9);
δC (CDCl3+CD3OD) 168.8 (C-12), 164.8 (C-1′), 163.7 (C-3),
139.5 (C-1), 139.1 (C-2′), 135.4 (C-15), 135.3 (C-11), 129.9 (C-4),
126.0 (C-4′), 121.0 (C-13), 116.4 (C-2), 77.8 (C-6), 70.4 (C-14),
68.3 (C-8), 60. (C-3′), 49.9 (C-7), 46.0 (C-5), 40.4 (C-10), 38.4
(C-9). HR–ESI–MS (positive mode): m/z=361.1284 [M+H]+
(calcd. for C19H21O7: 361.1287).
2.4. Antiplasmodial assay
Throughout the isolation procedure antiplasmodial activitywas
monitored using a chloroquine-sensitive strain of P. falciparum
(D10). All experiments were performed in duplicate on a single
occasion. The parasites were continuously cultured according to
the methods described by Trager and Jensen (1976) and the
parasite lactate dehydrogenase (pLDH) activity used as a measure
of parasite viability (Makler et al., 1993). The results are expressed
as the average percentage parasite viability at three different
concentrations of the extract fractions. A full dose response
experiment was performed on fractions that showed 50% parasite
inhibition at 6.25 μg/ml. The 50% inhibitory concentration (IC50)
values for these fractions were obtained from the dose–response
curves, using non-linear dose–response curve fitting analysis with
GraphPad Prism v.3.00 software.
2.5. Cytotoxicity assay
The MTT-assay is used as a colorimetric assay for cellular
growth and survival, and compares well with other available
assays (Mosmann, 1983; Rubinstein et al., 1990). The tetrazolium
salt MTT was used to measure all growth and chemosensitivity.
The isolated compounds were tested in triplicate on one occasion.
Fig. 1. Structures of vernolide (1) and vernodalin (2).
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10% methanol or 10% DMSO and were tested as a suspension if
not properly dissolved. Test compounds were stored at −20 °C
until use. Emetine was used as the reference drug in all expe-
riments. The initial concentration of emetine was 100 μg/ml,
which was serially diluted in complete medium with 10-fold
dilutions to give six concentrations, the lowest being 0.001 μg/ml.
The same dilution technique was applied to the test sample. The
highest concentration of solvent to which the cells were exposed
had no measurable effect on cell viability (data not shown). The
50% inhibitory concentration (IC50) values were obtained from
full dose–response curves, using a non-linear dose–response
curve fitting analysis via GraphPad Prism v.4 software.
3. Results and discussion
The results of the antiplasmodial and cytotoxic activity of the
crude extract of V. colorata and isolated compounds are collated
in Tables 1 and 2. Bioassay-guided fractionation of the crude
extract led to the isolation of two known compounds, vernolide
(1) and vernoladin (2) (Fig. 1), responsible for the antiplasmodial
activity observed for the crude acetone leaf extract of V. colorata.
Kraft et al. (2003) also observed antimalarial activity for an extract
of V. colorata, but the active compounds were identified as the
11β,13-dihydrovernodalin, vernodalol, 11β,13-dihydrovernolide
and 11β,13,17,18-tetrahydrovernolide, with the first two com-
pounds exhibiting the strongest activity.
Both vernolide and vernodalin have previously been isolated
fromV. colorata (Gasquet et al., 1985; Ohigashi et al., 1994; Reid
et al., 2001; Rabe et al., 2002). This work also confirms the
antiplasmodial activity of both compounds reported by Ohigashi
et al. (1994). However, we observed a much higher antiplasmo-
dial activity (lower IC 50s) of these compounds in our study as
opposed to Ohigashi et al. (1994).
The difference in activity could be attributed to the difference
in strains of P. falciparum used, the purity of the compounds
isolated, or seasonal variation. Antiplasmodial activity has been
reported for some other sesquiterpenoid lactones (Ramanandraibe
et al., 2005; Pillay et al., 2007), but in both reports high
cytotoxicity was also associated with the compounds. According
to Pink et al. (2005), a compound can be considered a hit if the
compound is active in vitro against the whole protozoa with an
IC50 of ≤1 μg/ml and a selective index of at least 10-fold.
Vernodalin does exhibit a remarkable in vitro antiplasmodial
activity (Table 2), but unfortunately the selectivity against the
parasite is quite low.Our results regarding the cytotoxic activity ofthe isolated compounds seem to be in agreement with the work of
Kupchan et al. (1969) who reported that vernodalin and vernolide
have cytotoxic effects to human KB cells.
The excellent antimalarial activity of vernolide and vernoladin
makes them ideal candidates for an investigation where the
structure–activity relationship is explored by various modifica-
tions of the compound to reduce toxicity while retaining
antiplasmodial activity.
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